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1.0 INTRODUCTION 
1.1 PURPOSE OF REPORT 
In July 2007 and January 2009, the U.S. Environmental Protection Agency (EPA) authorized a pilot 
project under which Massachusetts National Guard (MANG) personnel, and personnel from other 
military and law enforcement agencies under the MANG’s supervision, would be permitted to conduct 
lead ammunition training at Tango Range, and Juliet and Kilo Ranges, respectively, under specified 
conditions. The approximately nine-year combined pilot period has allowed an adequate record of use, 
management, and monitoring to be established to show that these ranges, with appropriate controls, could 
be managed in an environmentally sound fashion. 

The purpose of this report is to provide stakeholders, the EPA, the Environmental Management 
Commission (EMC) and the Massachusetts Department of Environmental Protection (MassDEP) with a 
summary of data collected during this Pilot Period.  This report also provides a summary to all other 
members of the Small Arms Range Working Group (SARWG) that includes the MANG Environmental 
&Readiness Center (E&RC), EPA, MassDEP, the EMC, the Impact Area Groundwater Study Program 
(IAGWSP), and Camp Edwards staff.  The SARWG convenes to discuss and help guide small arms range 
development on Camp Edwards. 

1.2 SCOPE 
The MANG was required to complete a Pilot Period Report for the 17-month trial period, August 2007 
through December 2008, as part of the EPA’s July 2007 limited authorization to conduct lead ammunition 
training at Tango Range. That report was completed and submitted to the EPA in final form in August 
2009. The scope of the present report is to present current information for the Pilot Period relating to 
Juliet and Kilo Ranges and updating information on Tango Range.  The pilot period occurred from 2007 
to 2016. This report summarizes the use of the ranges, any operational issues encountered and how they 
were resolved, all environmental monitoring data, changes made to the systems and the Operations, 
Maintenance and Monitoring Plan (OMMP), and lessons learned.  In addition, Section 7 of this report 
provides a description of the EMC and the Environmental Performance Standards (EPSs), which govern 
the use and operation of the ranges under Chapter 47 of the Acts of 2002 for the Commonwealth of 
Massachusetts. 

The Pilot Period was performed in accordance with procedures and policies outlined in the OMMP, for 
Juliet, Kilo and Tango Ranges (Appendix A).  This OMMP has been and will continue to be a dynamic 
document with changes made to capture lessons learned, to add efficiencies, and to make implementation 
and compliance easier for the end user: Camp Edwards Range Control and environmental staff with 
emphasis on staff that does the day-to-day maintenance. 

1.3 BACKGROUND 
Camp Edwards, located within Joint Base Cape Cod (JBCC), is an important training center for National 
Guard, Reserve Components, US Coast Guard, and law enforcement agencies throughout the northeastern 
United States. Training facilities available at Camp Edwards include small arms ranges, training areas, 
battle positions, observation posts, and maneuver roads and trails (Figure 1).  These facilities support a 
variety of training activities to include small arms training and qualification. 
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Figure 1. Training Area and Ranges, Camp Edwards, Massachusetts. 

In 1997, the use of lead ammunition was suspended at all small arms ranges on Camp Edwards as 
required by an EPA Administrative Order under the Safe Drinking Water Act (EPA Docket No.  SDWA
1-97-1030) (AO2).  AO2 explicitly prohibited “all firing of lead ammunition or other ‘live’ ammunition at 
small arms ranges at or near the Training Range and Impact Area.” AO2 also provided for a process to 
return to live firing at the small arms ranges (see Paragraph 125 of AO2).  The following sections present 
an explanation why MANG believed a modification to authorize a limited pilot project under the 
conditions specified was both “necessary and appropriate” under AO2. 

In cooperation with the SARWG, the MANG selected Tango Range, an existing small arms range, to 
receive the STAPP™ system for the Department of the Army demonstration/validation program.  
Subsequently, Juliet and Kilo Ranges were proposed for use, and funding for STAPP™ systems on these 
ranges was provided by Congress.  Tango, Juliet, and Kilo Ranges were previously-used small arms 
ranges. Prior to STAPP™ installation, soil on these ranges was sampled and any required mitigation was 
conducted by the IAGWSP. On June 13, 2007, the MANG requested that the EPA modify the Scope of 
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Work (SOW) to Administrative Order SDWA I-97-1030 (“AO2”) issued pursuant to Section 1431(a) of 
the Safe Drinking Water Act with respect to the Massachusetts Military Reservation (MMR) (currently 
Joint Base Cape Cod). On July 23, 2007, EPA responded to this request by adding Appendix B to AO2, 
which authorized limited firing of lead ammunition at Tango Range through December 2008 and required 
the MANG to submit to EPA a final report after the conclusion of that pilot project.  In January 2009, 
EPA further modified AO2 by adding Appendix C to the order, which extended the authorization to fire 
lead ammunition at Tango Range through December 2009 and to allow firing at two additional small arms 
ranges, Juliet and Kilo. 

Soils with pre-existing small arms range contaminant constituents, primarily lead and nitroglycerine, were 
removed from the reconfigured ranges prior to STAPP™ system installation.  An earthen berm was 
constructed and/or reconstructed on the ranges to receive the STAPP™ systems (Figure 2).  On Kilo 
Range a new berm was constructed to be in line with the berm on Juliet Range so that both ranges could 
safely be used concurrently.  The STAPP™ system was installed on Tango Range June through July 2006 
and on Juliet and Kilo Ranges June through September 2008. 

(A) (B) 

(C) 

Figure 2. Tango (A), Juliet (B), and Kilo (C) Range Site Work and STAPP System Construction 

Camp Edwards, Massachusetts.
 

TANGO RANGE 
In 2006, as part of the Department of the Army (DA) demonstration/validation testing program on bullet 
containment systems, a granulated rubber bullet trap system, the STAPP™ bullet containment system, 
was shipped to Camp Edwards in the spring of 2006.  The program goal was to assess how effective the 
bullet trap system could be in managing tungsten-nylon ammunition, the then-proposed Army 
replacement for lead ammunition.  Prior to completing the evaluation, tungsten was discovered in 
groundwater (February 2006).  The use of tungsten-nylon ammunition was suspended at Camp Edwards. 
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Beginning in late 2006, there were numerous public notices published and meetings held with the various 
advisory groups to keep the public, surrounding towns, and regulators apprised throughout the process of 
bringing small arms firing back to Camp Edwards.  Site visits and an open public tour of the range were 
conducted. 

In 2007, the EMC’s Science Advisory Council (SAC) and Community Advisory Council (CAC) 
unanimously voted in support of the requested changes to the EPSs, which made possible the return to 
lead firing on Tango Range. 

Further information about the need and process to resume firing lead ammunition on Tango Range is 
available in the Tango Range Pilot Study Report, Massachusetts Military Reservation, Cape Cod, 
Massachusetts, August 2009. 

JULIET and KILO RANGES 
In 2007 the MANG initiated action requesting the construction of a STAPP™ bullet containment system 
at Juliet and Kilo Ranges and resuming firing of lead ammunition at the two ranges.  A Notice of Project 
Change was submitted to the Massachusetts Executive Office of Energy and Environmental Affairs 
(EOEEA) on July 9, 2007.  EOEEA issued a Certificate on August 10, 2007 approving the request and 
establishing several conditions to ensure maximum feasible environmental protection and adequate public 
involvement.   

In a letter submitted to EOEEA during the public comment period on the Notice of Project Change for 
Juliet and Kilo ranges, the EMC established a requirement for the MANG to prepare a brief summary 
status update of lessons learned to date on the current STAPP™ bullet trap system installed on Tango 
Range, with the update describing how the lessons and experiences from the Tango Range might be 
applied to the design specifications, construction plans, and construction supervision of the proposed 
bullet containment systems on Juliet and Kilo ranges.  The EMC also required the information in the 
update to be presented to the SARWG, applicable advisory groups (SAC and CAC), and the public.  The 
status update, Camp Edwards/Massachusetts Military Reservation Small Arms Range Working Group 
Status Update 2 was published summer 2008.  The MANG submitted a request to the EMC on July 10, 
2008 requesting permission to construct appropriate berms and the STAPP™ system on Juliet and Kilo 
ranges. The EMC approved the construction request in a letter dated August 6, 2008. 

On September 25, 2008, the MANG submitted a letter to EPA asking it to modify AO2 to allow the 
resumption of firing lead ammunition at Juliet and Kilo ranges using a STAPP™ bullet trap system.  
A 30-day public comment period was conducted October 23, 2008 through November 24, 2008.  
EPA received seven sets of written comments from the public during this period and a total of eleven 
substantive comments.  Comments were primarily supportive of the request. After reviewing the 
MANG’s request, conducting a 30-day public comment period, which included a public meeting, 
EPA approved the MANG’s request on January 28, 2009. 
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2.0 RANGE DESCRIPTIONS 

The STAPP™ system on Tango Range consists of a composite lumber frame approximately 100-feet long 
by 23-feet wide with 15 firing lanes.  On Juliet Range the system is 120-feet long by 25 feet wide with 17 
lanes. Kilo Range is 200-feet long by 25-feet wide with 29 lanes.  Granular rubber was placed on top of 
the bottom-liner inside the composite frame to a depth of 18 inches.  The granular rubber was then capped 
with a patented “self-closing” top cover.  The bullets pass through the top cover and are captured in the 
granulated rubber layer.  This system is designed to capture and contain fired bullets.  The system also 
minimizes potential airborne lead and runoff.  The system includes an internal water collection reservoir 
to capture any water that infiltrates the STAPP™ system.  The MANG built and placed toe berm boxes at 
the base and in front of the systems to protect the framing and water reservoir of the STAPP™ systems 
from projectiles (Figure 3). 

Figure 3. Toe-Berm Boxes, Tango Range, Protecting STAPPTM system Base and Internal 

Reservoir, Camp Edwards, Massachusetts.
 

On Tango Range tension lysimeters designed to sample soil pore water for potential contaminants were 
installed in front of the firing line and between the target line and STAPP™ system.  Three lysimeters 
were installed at a depth of five feet below the ground surface near the target line and three were located 
at the firing line.  In 2008 it was determined that tension lysimeters can provide false sampling results 
because the materials that they are composed of may bind or release other contaminants.  All tension 
lysimeters were replaced with pan lysimeters that are not known to have the same issue with contaminants 
seen in tension lysimeters.  Three pan lysimeters were installed on Tango Range in 2010 (Figure 4).  Each 
of these is essentially a plastic bucket with a screened lid to allow percolating water into the bucket.  
Tubes provide access to the collected water which is pumped to the ground surface for sampling.  The 
screens are all placed approximately 2 feet below the ground surface.  There is one pan lysimeter in front 
of the firing line, one in the center of the range floor and one between the target frames and the STAPP™ 
system. 
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Three pan lysimeters were installed on Juliet Range in 2010 (Figure 5). The screens are all approximately 
2 feet below the ground surface. There is one pan lysimeter in front of the firing line, one at the center of 
the range floor and one at the west end of the drainage swale between the toe boxes and the STAPP™ 
system. 

Four pan lysimeters were installed on Kilo Range in 2010 (Figure 6). The screens are all approximately 2 
feet below the ground surface. There is one pan lysimeter in front of the firing line, one at the center of 
the range floor and one at each end of the drainage swale between the toe boxes and the STAPP™ 
system. 

Background lysimeters were installed in the area of Kilo, Sierra and Tango Ranges to provide a 
comparison between porewater conditions on and off the small arms ranges so that the potential impact of 
small arms firing can be discerned from natural conditions. 

In 2016 the EMC’s SAC recommended spilt core soil sampling to replace lysimeter use for tracking 
initial metals movement through soils.  Split core soil sampling will be implemented when all agency 
approvals are received. 

To monitor ground water conditions on the STAPP™ ranges monitoring wells were installed to intercept 
groundwater flow from water that originated from the ranges.  The wells were installed by the IAGWSP 
and are now used to monitor potential contaminants in groundwater at the active STAPP™ Ranges. 
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Figure 4. Lysimeters, Soil Grids, and Monitoring Well on Tango Range
 
Camp Edwards, Massachusetts.
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Figure 5. Lysimeters, Soil Grids, and Monitoring Well on Juliet Range 

Camp Edwards, Massachusetts.
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Figure 6. Lysimeters, Soil Grids, and Monitoring Well on Kilo Range 

Camp Edwards, Massachusetts.
 

2.1 INITIAL STAPP™ EVALUATION AND FIRING 
DEMONSTRATIONS 
The Tango Range STAPP™ system was structurally evaluated in August and September 2006 prior to 
any test firing.  It was noted that there appeared to be seam failures in the cover, possibly caused by 
improper gluing techniques.  The seams were reported to and repaired by the STAPP™ EBC Company in 
October 2006.  Two firing demonstrations were held during 2007, with approximately 1,700 rounds of 
5.56mm lead ammunition fired into the system.  The demonstrations showed that the bullets were 
generally contained within the first three inches of the granular rubber medium.  The top cover performed 
per the manufacturer’s literature. During both demonstrations, there was no indication of rounds 
ricocheting; the target frames and the toe boxes were inspected and there was no evidence of errant 
rounds. 
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As part of the initial evaluation, the water collection reservoir inside the STAPP™ system was checked 
periodically to monitor how much water was collecting.  Water collection became a management issue for 
the STAPP™ systems and is discussed in Section 5.4.  The overall quantity and analytical results for 
water removed from the STAPP™ systems are presented in Section 5.4. There were no validation tests 
for Juliet and Kilo Ranges as the test at Tango Range served this purpose for STAPP™ system use on 
Camp Edwards.  Juliet and Kilo Ranges also had issues with water collecting within the system that 
exceeded what was expected by the manufacturer.  The water issue at Juliet and Kilo Ranges was not as 
significant as that at Tango Range but still became an undesirable maintenance and management issue. 
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3.0 RANGE USE HISTORY 

Range users consisted of MANG (Army and Air), U.S. Coast Guard (USCG), Army Reserve units, and 
various law enforcement agencies and personnel (Figure 7). 

Detailed records are kept by Range Control as to the rounds fired, type of round and the lane used.  The 
Army and National Guard are required to track ammunition usage for accountability of resources and to 
document small arms range throughput (utilization) in accordance with AR 350-19, The Sustainable 
Range Program.  For safety purposes live ammunition usage by specific type must be maintained in 
various Range Control logs and is a requirements of the OMMP. 

Figure 7. Soldiers from the 182nd Infantry Firing at Juliet Range. 

The operational firing results for this report cover March 2007 through December 2015.  There were two 
demonstrations at Tango Range in March and April 2007 and 58 operational firing events over the course 
of its formal Pilot Period, August 2007 through December 2008.  Tango Range was used 125 days and 
Juliet and Kilo Ranges were used for 150 days each since the ranges became operational.  As of the end 
of Training Year 2015 (September 30, 2015), 1,121,332 rounds have been fired on the STAPP™ ranges. 
The number of rounds fired per range is:  323,331 on Tango Range, 296,599 on Juliet Range, and 499,282 
on Kilo Range.  The types of ammunition fired were: 5.56mm, 9mm, 40cal, 7.62mm, 2.23cal, 45cal, and 
38cal. Out of the total rounds fired: 68.5% were 5.56mm, 21.4% were 9mm, 7.0% were 40cal, 1.2% were 
7.62mm, 0.78% were 2.23cal, 0.67% were 45cal, and 0.03% were 38cal.  Tables 3-1 to 3-3 provide the 
number and types of lead ammunition fired on the ranges. 
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Table 3-1 Lead Ammunition Use History, Tango Range 

Training 
Year 

.40 Cal 
Lead 

9 mm 
Lead 

7.62 
mm 

Lead 

5.56 mm 
Lead 

.38 Cal 
Lead 

.45 Cal 
Lead 

.233 Cal 
Lead 

Total 

2015 0 5,240 0 1,720 0 0 0 6,960 

2014 0 0 0 3,220 0 0 0 3,220 

2013 1,600 1,800 0 2,000 0 0 4,550 9,950 

2012 2,800 7,373 0 1,944 0 0 0 12,117 

2011 5,200 6,765 0 25,157 0 0 0 37,122 

2010 40,341 2,496 0 41,042 0 6,449 0 90,328 

2009 0 31,985 0 105,077 300 0 0 137,362 

2008 4,075 9,094 4,556 0 0 0 0 17,725 

2007 0 0 0 8,547 0 0 0 8,547 

Total 54,016 64,753 4,556 188,707 300 6,449 4,550 323,331 

Table 3-2 Lead Ammunition Use History, Juliet Range 

Training 
Year 

.40 Cal 
Lead 

9 mm 
Lead 

7.62 
mm 

Lead 

5.56 
mm 

Lead 

.38 Cal 
Lead 

.45 Cal 
Lead 

.233 Cal 
Lead 

Total 

2015 2,500 24,828 0 36,938 0 1,000 0 65,266 

2014 2,400 18,874 9,000 6,663 0 0 0 36,937 

2013 2,450 9,260 0 27,286 0 0 1,200 40,196 

2012 750 12,819 0 14,457 0 0 3,000 31,026 

2011 0 16,911 0 46,630 0 0 0 63,541 

2010 0 7,311 0 27,060 0 0 0 34,371 

2009 0 4,780 0 11,482 0 0 0 16,262 

2008 0 0 0 0 0 0 0 0 

2007 0 0 0 0 0 0 0 0 

Total 8,100 94,783 9,000 170,516 0 1,000 4,200 287,599 

Table 3-3 Lead Ammunition Use History, Kilo Range 
Training .40 Cal 9 mm 7.62 mm 5.56 mm .38 Cal .45 Cal .233 Cal Total 

Year Lead Lead Lead Lead Lead Lead Lead 
2015 0 15,601 0 54,372 0 0 0 69,973 
2014 0 31,304 0 49,052 0 0 0 80,356 
2013 0 731 0 73,011 0 0 0 73,742 
2012 0 7,181 0 52,731 0 0 0 59,912 
2011 14,362 9,850 0 100,942 0 0 0 125,154 
2010 1,450 7,500 0 51,412 0 0 0 60,362 
2009 0 6,675 0 23,108 0 0 0 29,783 
2008 0 0 0 0 0 0 0 0 
2007 0 0 0 0 0 0 0 0 
Total 15,812 78,842 0 404,628 0 0 0 499,282 
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As a requirement of the Tango Range OMMP, the MANG conducted a mass balance of bullets contained 
in the STAPP™ system.  The mass balance was conducted to assess a percentage of rounds captured by 
weight, measuring the weight of rounds fired versus the weight of the metal collected from the system.  
The mass balance provides a known percentage of the calculated weight of the bullets fired versus the 
weight of material recovered that has been contained and not introduced into the environment.  This 
information was reported in the 2009 Pilot Period Report. 

The normal objective of the routine bullet pocket maintenance is simply removal of accumulated rounds. 
Accumulated rounds can be a ricochet hazard to the top cover over time.  The maintenance process is 
done to reduce the overall top cover maintenance requirement.  A mass balance on a STAPP™ system 
had never before been attempted and the weight measurements taken cannot, by the very nature of the 
materials involved, be a perfectly precise exercise.   

An extrapolation approach was used based upon bullet pocket removals within each lane.  The bullet 
pockets in each lane represent the greatest concentration of projectiles in the STAPP™ system.  Under 
normal circumstances the recommended maintenance for bullet pockets is done every three years or 
500,000 rounds, but in this case it was determined to perform the manufacturer-recommended 
maintenance early, in conjunction with the mass balance measurement requirements of the OMMP. 

Additionally, two lanes (Lanes 14 and 15) were selected for complete removal of all rubber granules that 
would be sifted and sorted to obtain projectiles to be weighed (Figure 8).  This weight allowed for the 
extrapolation across the range of the rate of capture of projectiles fired into the STAPP™ system. 

Figure 8. Tango Range Lanes 14 and 15, Sorting and Sifting Operation during Mass Balance Work, 

Camp Edwards, Massachusetts
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The rubber granules were returned to the STAPP™ system following the removal and inspection (Figure 
9). 

On November 17, 2008, the sifting operation began.  The sifting process was interrupted after the work 
was underway due to improper site preparation.  As a result of this initial change, it was unknown if Lane 
14 was effectively isolated while being screened.  Measurement of hot spots was then continued with 
lanes 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, and 1.  It is believed that Lane 14 and 15 bullet pockets were 
combined during the screening process. 

Per the Range Control documented summary of rounds fired, and the individual weights of the types of 
bullets that were fired, the total weight of spent rounds in Lanes 14 and 15 for the test period is calculated 
to be 108.45 lbs. compared to a measured weight of 102.49 lbs.  This will be discussed in detail at the end 
of this section. 

The actual recovered weight from the complete lane sifting of Lanes 14 and 15 was 68.50 lbs. in Lanes 14 
and 15 plus the previously removed bullet pocket weight of 32.00 lbs.  The bullet pocket weight is labeled 
Lane 14, but there is a high probability this includes Lanes 14 and 15 due to the interruption of the bullet 
pocket measurement.  As stated previously, the STAPP™ system has no internal lane divisions. 

As an additional check, a 2,000 lb. sample of granular rubber from Lanes 14 and 15 was not returned to 
the system after the complete lanes sifting and weighing event.  This sample volume was subsequently 
resifted and missed bullets were captured and weighed.  The weight of the spent bullets was 0.272lb for 
this sample volume.  To extrapolate the missed spent bullets and fragments found in the resifting exercise 
of the granular rubber sample from Lanes 14 and 15, the following equation was used: 

Additional weight 
Sample of

Weight of Rubber of spent bullets
rubber from Lane 14

spent bullets weight per from the resifting 
Lanes 14 and 15

from resifting lane of Lanes 14 and
and 15 

15 

0.272 lbs. / 2000 lbs. X 7333 lbs. X 2 lanes = 1.99 lbs. 

It is expected that some of the bullets have been pulverized into very small fragments by hitting other 
bullets/fragments, etc. and would not be possible to account for in this particular procedure. 

To determine the total lbs. of weight recovered from Lanes 14 and 15 during the bullet pocket cleanup, 
complete lane sift and resift of the 2,000 lbs sample, the following equation was used:  

Weight of spent 
Extrapolated 

bullets from
Bullet Pocket weight from Total spent bullets

lane 14 and 15
weight lane14 and above from recovered from 

not including
likely lane 15 resifting lane Lanes 14 and 15

bullet pocket 
14 and 15

weight 

32.00 lbs. + 68.50 lbs. + 1.99 lbs. = 102.49 Lbs. 
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Figure 9. Tango Range Lanes 14 and 15, Re-Installing Rubber Granules after Mass Balance Work, 
Camp Edwards, Massachusetts 

Compared to data on weight of total rounds fired per the Range Control log (102.29 lbs./108.45 lbs.) = 
94.3%. 

Given the inherent difficulties of the field measurement and the precision of some of the measurements, 
roughly 94% agreement can be considered excellent for this mass balance exercise. 

A possible better indicator of system performance than weighing the bullet pockets is an evaluation of the 
under and overshot data.  A visual inspection shows some bullet holes in the overshot wall and toe berm 
boxes. There are relatively few overshot and these decrease with height.  This pattern was readily seen on 
the plywood overshot wall above the STAPP™ system.  This is perhaps a more realistic estimate of 
system efficiency, i.e. number of rounds fired from Range Control records, less number of bullet holes in 
plywood and toe box, divided by total number fired. 

Over and undershot have been closely monitored.  Individual bullet holes have been marked, dated and 
counted in the toe berm boxes and plywood overshot wall.  The percentage (%) of rounds that were over 
and undershot is calculated at 0.5% per the discussion below.  Based on over and undershot data, and 
assuming no bullets are being purposefully shot high or low, and the known quantity of bullets fired, the 
recovery rate of the STAPP™ system is calculated to be over 99%. 

Range Control personnel thoroughly inspected the toe berm boxes and reported finding 392 bullet holes 
for the period March 2007 through November 2008.  The toe berm boxes have been in place for the entire 
Pilot Period firing.  The calculated percentage of low shots is 0.316% (392 holes/123,787 total rounds 
fired). 
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Range Control personnel also inspected the overshot wall above the STAPP™ system and reported 
finding 187 bullet holes.  The wall was erected during the week of February 11, 2008. Calculating the 
percentage of high shots using the number of rounds fired from the wall erection date to the end of the 
period, shows 0.183% (187 holes/101,916 rounds fired Feb 11 – Dec 31 2008).  The calculated 
percentage of rounds not contained in the STAPP™ system is 0.5% (619 high and low rounds 
detected/123,787 total rounds fired).  Using the above calculations of bullet holes above and below the 
STAPP™ system, roughly 99% of the rounds fired were likely contained in the STAPP™ bullet trap.  
Using this metric, the MANG considers the range configuration highly successful in terms of bullet 
containment and environmental protection. 

From both methodologies it is expected that the STAPP™ system and its supporting components are 
successful in capturing and containing from 94%-99% of the projectiles fired at the system. 

The vast majority of bullets fired on Tango, Juliet, and Kilo Ranges are contained in the STAPP™ 
system.  It has been observed that a small percentage of rounds fired do not make it into the STAPP™ 
system.  The major causes for rounds not penetrating the STAPP™ are rounds ricocheting off target 
frames and Soldiers firing too high or low, referred to as overshot or undershot. Undershot bullet holes 
have been found in the toe berm boxes at the base of the system and overshot has made holes in the wood 
wall above the original Tango Range STAPP™ system.  Ricocheting rounds, or those aimed too high, 
may also hit near the upper edge of the STAPP™ system and “skip” back out of the system.  An auxiliary 
berm to the STAPP™ system berm that extended above the top of the system was originally part of 
Tango Range when constructed in 2006.  It had provided some overshot detection and protection, but was 
removed as part of the search for the source of water that was entering the STAPP™ system during the 
2007 reconstruction effort.  In order to evaluate and monitor overshot above the STAPP™ system, a four-
foot high plywood wall was installed in February 2008, at the top of the berm after the original top of the 
berm was removed (Figure 10).  The intent was not to capture the ricochets or overshot but to assess a 
possible percentage of rounds that were not being captured in the STAPP™ system. 

A red stripe was painted on the upper portion of the top cover on all STAPP™ ranges to limit overshot 
(Figure 11). The red line provides for an upper limit of aiming for all range users.  This has greatly 
reduced impacts to the STAPP™ system above the red upper limit line. 
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Figure 10. Plywood Overshot Telltale Wall, Tango Range, Camp Edwards, Massachusetts. 

Figure 11. Red Line, Upper Limit of Aiming to Decrease Overshot, Juliet Range 

Camp Edwards, Massachusetts.
 

As part of the Tango Range Pilot Period and as discussed above, an alternative metric of bullet 
containment was used and a mass balance evaluation was also conducted to identify the percentage of 
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rounds captured within the system.  During the mass balance and inspection activities, it was noted that 
the bottom-liner between Lanes 6 and 7 was perforated by several 7.62mm rounds.  The penetrations were 
investigated by recovering the bullets (Figure 12).  The bottom-liner was repaired by STAPP™ and 
Range Control personnel. The exact cause of the 7.62mm bullet penetrations in these two lanes is not 
known. It can be speculated that the depth of rubber granules was not sufficient at the location of the 
penetrations and could be caused by repeated use of the lane by machine gun fire (M240B, 7.62mm).  The 
bottom-liner under the “bullet pocket” of all 15 lanes was inspected during the mass balance work and no 
penetrations were found other than Lanes 6 and 7. The original OMMP accounted for the potential of 
penetrations in the bottom-liner and the MANG followed the appropriate procedures: they notified 
regulators, recovered the rounds, repaired the bottom-liner, and returned to training.  To further lower the 
probability of penetrations, approximately two tons of additional granular rubber material was added 
during the top cover replacement performed in July 2009. 

In general, results of inspections of Tango, Juliet, and Kilo Ranges during the Pilot Period show that the 
STAPP™ system, when properly operated and maintained, functions to contain bullets, sever exposure 
pathways and protect the environment. 

Figure 12. Bottom Liner Penetrations and Recovered Rounds, Tango Range 

Camp Edwards, Massachusetts.
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4.0 RANGE OPERATIONS, INSPECTIONS, 

MAINTENANCE, AND MODIFICATIONS 

The following sections discuss how the STAPP™ ranges are operated, the maintenance and modifications 
performed, and range inspections conducted by the MANG, EPA, and the EMC.  During the Pilot Period, 
several modifications to the original range configurations were implemented.  All range modifications 
were discussed and approved at the SARWG meetings and through required regulatory processes.  The 
OMMP has also been modified to reflect changes that were identified and approved. 

4.1 RANGE OPERATIONS 
Camp Edwards Regulation TAGMA PAM 350-2 outlines extensive rules and procedures for the ranges 
and training lands on Camp Edwards.  The OMMP in sections 4.0 and 7.0 (Appendix A) also outlines 
extensive rules and procedures for the ranges on Camp Edwards.  Range Control personnel are well-
versed with these regulations and educate Range Safety Officers (RSOs) during the scheduling and 
issuance of ranges to using units.  Camp Edwards personnel oversee and assist the training conducted on 
Juliet, Kilo, and Tango ranges and evaluate whether training is conducted in accordance with operational, 
safety, and environmental requirements.  Before occupying Juliet, Kilo, or Tango Range, the unit must 
designate an RSO who will receive a safety briefing. The briefing informs units of the installation’s 
restricted areas, misfire and malfunction procedures, communication procedures, and environmental 
considerations such as minimum and maximum firing distances and aiming below the red line painted on 
the upper portion of the STAPP™ systems. 

Range Control is responsible for the oversight of Juliet, Kilo and Tango range operations.  They issue and 
clear the ranges and monitor units on Juliet, Kilo and Tango ranges to support compliance with the 
OMMP. The Camp Edwards Environmental Office and Range Control schedule all required monitoring 
and maintenance. 

To ensure continuity of operations during military staff transitions, Range Control has hired a civilian 
range control person.  This positions job will be to learn all aspects of range operations, help in directing 
staff to manage the ranges and again to ensure continuity during military staff transitions. 

In accordance with the OMMP, each unit is responsible for completing the Training Facility Utilization 
Report in Appendix A of the OMMP (Appendix A).  This form documents who uses the facility, how 
many personnel were trained, what they did, the quantity of rounds fired and other information important 
for tracking the use of the facilities. Each Report is turned in to Range Control at the end of each training 
day.  This information feeds into the detailed inspection log maintained by Range Control.  An important 
aspect of ensuring compliance with the OMMP was communicating and coordinating with personnel 
using the ranges.  Range Control personnel were active in educating users of the specific OMMP 
requirements in order to maintain compliance. 

Over the course of the Pilot Period and as standard practice, Range Control maintains a detailed log for 
each firing event. Data recorded from each event includes, but is not limited to:  unit firing, officer in 
charge, temperature, weather, the time when the range went hot and cold, and the particular type of round 
fired on each lane. These records allow the user to query the data by the number of rounds and type fired 
on each lane. 
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4.2 RANGE INSPECTIONS 
Tango, Juliet, and Kilo Ranges have been the focus of extensive inspections during the Pilot Period 
(Appendix A). The MANG (Range Control and the E&RC), EMC’s Environmental Officer, EPA and 
MassDEP have all performed inspections before, during and after training events.   

The ranges are inspected periodically as described below to ensure that pollution prevention 
equipment remains in place and is in good working order and to ensure that environmental conditions 
on the ranges are not degrading. 

Before each time a range is used for live firing, a range inspection is conducted by Range Control 
accompanied by the Non-Commissioned Officer in Charge (NCOIC) or person in charge of the 
group using the range. This provides a chance to document pre-firing conditions and to acquaint the 
range users with the facilities and the expectations associated with range use. The inspection includes 
the firing line, range floor, target line, STAPP™ system, and other important features of the ranges. 
The parking areas are inspected for general condition and any petroleum, oil, and lubricant stains 
from vehicles. The toe berm boxes behind the target frames are evaluated to identify deterioration, 
damage or excessive amounts of undershot. Range Control and range users note the condition of each 
of these features and any specific deficiencies in need of repair.  

The ranges are inspected again after range use is complete to document the post-firing conditions 
(Figure 13). The form provided in the OMMP (Appendix A) is used to document the pre- and post-
range firing inspections and to note any changes or discrepancies. 

Figure 13. Tango Range Top Cover Inspection, Range Control
 
Camp Edwards, Massachusetts.
 

Monthly inspections consist of general range conditions, evaluation of erosion, surface water, vegetation 
growth, and a visual inspection of the STAPP™ system.  Range issues were documented, reviewed with 
appropriate personnel and addressed by Range Control.  Inspections identified issues with the STAPP™ 
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system structure, systems that protect the STAPP™ system, and the administrative record.  The following 
provides several examples of issue identified during inspections.  

The toe berm boxes at Juliet and Kilo Ranges were degrading and becoming a major maintenance issue.  
The box bottoms were collapsing with the protective sand infill spilling from the box.  Interim repairs 
were made by filling the toe berm boxes with sand bags until new boxes could be placed on these ranges.  
All toe berm boxes on Juliet and Kilo Ranges have been replaced. 

Penetration holes, rips greater than 1.5 inches in length with rubber media visible through the rubber 
membrane cover, and seam failures have been found at the STAPP™ Ranges.  Repairs are made prior to 
subsequent range use. However, there are times where problems identified could not be immediately 
addressed--most often as a result of weather conditions and or availability of materials.  Repairs were 
made when the weather allowed and orders were made to provide for materials needed to repair the 
system.  

Finally, it was identified that the administrative record was not in order.  Issues identified included 
Utilization Inspection Reports that did not consistently record the requested information; the most up-to
date detailed inspection form and range inspections/clearance checklist were not being used, and these 
forms did not consistently record the requested information. Also, some post-fire inspections were not 
recorded, and it was not clear that maintenance was conducted based upon the results of each inspection.  
Administrative record issues were rectified by meeting with Range Control staff to ensure all current 
forms are used and, most importantly, that all issues identified and repairs are recorded in the record. 

Range Control conducts Detailed Range Inspections monthly. Detailed Range Inspections are also 
completed within two business days of significant storm events. These inspections determine the 
condition of pollution prevention equipment and general range conditions.  In particular, the conditions of 
the STAPP™ system and any protective cover are closely monitored. The amount of water accumulated 
in the STAPP™ system is measured and recorded. The form provided in the OMMP (Appendix A) is 
used to document the Detailed Range Inspections. During the Detailed Range Inspection conducted each 
year in March, Range Control takes baseline condition photos every third year of the firing lines, range 
floors, soil berms, and bullet containment systems while standing at firing positions 4 and 13. These and 
previous baseline photos help field crews evaluate observed conditions against the baseline and help 
document the rehabilitation of any reported range deterioration using the baseline condition photos and 
any rehabilitation photos. This photo log is maintained at Range Control. 

The conditions inside the STAPP™ system are inspected and documented when the STAPP™ cover is 
removed for maintenance and/or during periodic bullet removal.  Typically, this is done after 500,000 
rounds have been fired on Juliet and Tango Ranges and after 750,000 rounds at Kilo Range unless it is 
determined in conjunction with the regulatory agencies that removal is not needed.  This inspection can 
also be conducted more frequently if conditions warrant.  The form provided in the OMMP (Appendix A) 
is used to document the detailed STAPP™ inspections. 

The internal STAPP™ system was qualitatively assessed in the spring and again in early summer 2016 in 
support of a Scope of Work development for metals removal from the Juliet Range STAPP™ system.  
The bullets were observed to be contained within the top 8-12 inches of the system.  Consequently, it was 
determined that the rubber granule material and any contained lead bullets will be removed selectively 
from the system.  The portions of the system containing the greatest concentrations of lead bullets will be 
disposed of off-site as hazardous waste. New rubber granule material will be added back to the system, 
and those portions removed from the top and bottom of the system will be re-installed to the same areas in 
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which they were removed.  This action is scheduled to be conducted during the summer of 2016.  After 
the rubber granule material is removed, the bottom underlayment, ground liner, and wooden frame will be 
inspected for damage. 

The EMC and EPA have conducted unannounced independent inspections of Juliet, Kilo, and Tango 
ranges as needed. All personnel, including regulatory personnel, check in with Range Control prior to 
visiting the ranges. If inspections occur during range use, the inspector identifies themselves to the 
person in charge at the range and follows all safety procedures and requirements of the range users.  EPA 
and EMC provide the inspection form to Range Control for inclusion in the inspection record.  To ensure 
that all deficiencies identified during an inspection are addressed, Camp Edwards provides a formal 
response to inspection reports submitted by regulatory agencies within five business days. 

Range Control maintains all the inspection logs with hard copies placed in a binder and archived.  Range 
Control compiles data into a table that tracks the maintenance performed, level of effort to perform the 
maintenance, and supplies required to conduct maintenance.  The primary maintenance conducted as a 
result of the inspection process is patching or seaming the STAPP™ system top cover and removal and 
disposal of water collected within the STAPP™ system internal reservoir.  In an effort to reduce the 
amount of water accumulating within the system, tarps were placed over the top covers in 2010.  Water 
within the reservoirs of the STAPP™ systems has become less of an issue after the installation of tarps 
over the STAPP™ systems when not in use (Figure 14).  A summary of inspection table can be found 
within the OMMP (Appendix A). 

Figure 14. Tarp Covered STAPP™ Systems at Juliet and Kilo Ranges 

Camp Edwards, Massachusetts.
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EPA issued a letter on March 15, 2011 notifying Camp Edwards of a failure to notify EPA of level 1 and 
2 interim action level exceedances and the fact that resampling did not occur as required.  On May 3, 
2011 the EPA issued a letter notifying Camp Edwards of a failure to comply with the Safe Drinking 
Water Act through AO2 and its modified SOW to allow for the interim use of Tango, Juliet and Kilo 
Ranges. Camp Edwards did not comply with the OMMPs for these ranges.  Camp Edwards did not 
sample soil, porewater, and groundwater and did not report the findings as required.  Another letter was 
issued to Camp Edwards on November 7, 2011 for failure to follow the provisions of the approved 
OMMPs for the above mentioned violations and additionally for not disposing of water that accumulated 
in the STAPP™ systems on Tango, Juliet and Kilo ranges above established limits within 72 hours and 
for not notifying EPA within 24 hours that this required action could not be completed.  

The EMC also issued a Notice of Violation letter to Camp Edwards on November 7, 2011 informing it 
that it had not complied with the Small Arms Range EPS (EPS 19) in failing to remove liquid from the 
STAPP™ bullet capture systems on Tango, Juliet and Kilo ranges on multiple occasions in 2011 within 
the time period established in the OMMP plans. Camp Edwards submitted a Response Packet to the EPA 
and EMC in early December 2011. 

As a result of these violations, and after extensive consultations, Camp Edwards was fined by EPA 
$27,500 in August 2012 and also agreed, through a Consent Agreement and Final Order on August 16, 
2012 (Appendix D), to conduct a Supplemental Environmental Project (SEP).  The project involved 
removing 14 acres of existing impervious surfaces in the grasslands area of the Cantonment Area, most of 
it located on Otis Air National Guard Base. The 14 acres were left to seed naturally from the surrounding 
environment.  This allows for native flora to establish itself within the grassland area.  It also allows for 
further recharge of the aquifer by removing impervious surface area.  The area will be monitored for 
invasive plants species and managed to control the density of native pitch pine that can act like an 
invasive species by growing into a monoculture that is not beneficial to the goal of grassland restoration. 

Project status reports on the removal of the 14 acres of impervious surface were submitted to EPA on 
November 5, 2012, January 10, 2013 and May 7, 2013, with a final report submitted on October 12, 2013 
notifying EPA of the project's completion. 

As a result of this violation, and as proposed in the Response Packets, the MANG submits a Monthly 
Report on the status of the STAPP™ Ranges to EPA and also provides it to the EMC.  Monthly 
Sustainable Range Program meetings were also proposed and are being conducted to ensure proper 
awareness, communications, and management of the STAPP™ and other ranges is occurring. The 
Response Packet also addressed communications, notification protocols, and that proper funding for 
STAPP™ range management was in place. 

4.3 RANGE MAINTENANCE AND MODIFICATIONS 
Camp Edwards conducts periodic maintenance on Juliet, Kilo, and Tango ranges to ensure design features 
and pollution prevention measures remain in adequate condition to support training requirements and 
ensure that the BMPs function as intended. To the maximum extent possible, maintenance is conducted 
during off-peak training periods (between October and April). This preventative maintenance is 
conducted as needed, regardless of other maintenance schedules. 

All maintenance and repairs conducted on Juliet, Kilo, and Tango ranges are documented using a Range 
Maintenance/ pH testing/Lime Spread Form in the Appendix C of the OMMP (Appendix A) and then 
filed in the maintenance log at Range Control. 
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The majority of site maintenance consisted of patching and seaming the STAPP™ system top cover.  
Other maintenance activities consisted of pumping and disposing of water collected in the STAPP™ 
system reservoir and grounds keeping. 

A range modification was made based on a request by the USCG to utilize the range for transition or 
reflexive firing training, the OMMP was reviewed to ensure it was protective during this type of use with 
respect to firing lines, firing lanes, weapons, ammunition types, and target placement.  With respect to the 
firing lines, the reflexive firing training requirement is to fire from several different distances from the 
target line, between three to 25 yards.  In October 2007, the USCG conducted a dry-fire demonstration so 
members of the SARWG could observe and understand the training aspects of transition firing.  To 
further support this training requirement, the MANG established a maximum and minimum firing 
distance from the target line along the range floor.  The maximum firing distance is 25m, and the 
minimum firing distance is 2.7m.  The maximum and minimum distances are within the Surface Danger 
Zone (SDZ) for the bermed range and are within the capabilities of the STAPP™ system.  The current 
design and construction of STAPP™ could support rounds fired directly on the upper membrane without 
compromising the integrity of the trap; however, weapons training does not authorize or require point 
blank firing at the STAPP™ system. 

At Tango Range pre-existing elevated machine gun mounds located behind the firing line were knocked 
down, as they served no useful purpose.  During the week of April 19, 2008, the mounds were knocked 
down and used to raise the height of the 25 meter firing line by approximately two feet, creating an 
improved angle of fire that decreases overshot. 

Range floor drainage was an issue on Juliet and Kilo Ranges.  The lack of adequate drainage on this range 
was threatening the integrity of the base of the STAPP™ system and Soldiers were forced to conduct 
their training by laying in the water to fire on the range.  In 2010, a project was initiated and completed 
that re-graded the range floor and installed drainage systems to correct this issue on Juliet and Kilo 
Ranges. 

An additional modification to Tango Range was the installation of a wooden plywood wall located above 
the STAPP™ system on the berm.  The wall was installed to help evaluate how many rounds fired high 
may be missing the STAPP™ system.  A broad red stripe was placed near the top of the STAPP™ 
systems on Juliet, Kilo, and Tango Ranges to aid in preventing overshot at these ranges.  The stripe 
provides the shooter with a visible mark to avoid aiming the weapon above this stripe thereby helping to 
prevent overshot. 

Prior to full-scale training, initial checks on the STAPP™ systems showed that larger than expected 
amounts of water was collecting inside the systems.  To help assess potential causes of the water 
collection, a detailed dismantling and inspection of the Tango Range STAPP™ system was planned prior 
to full-scale training on the range.  The STAPP™ contractor deconstructed the system in July 2007.  Just 
prior to dismantling the system, an additional 300 gallons of water was removed.   

As part of the inspection process, the system was taken apart and all aspects of the construction were 
reviewed: the framework was intact, the bottom-liner was not ripped or perforated, the depth of rubber 
granules was correct, and the top cover did not have any visible holes other than the above-mentioned 
seam failures/tears.  However, it was noted that there was some silt inside the center section of the 
system.  The moist silt indicated a potential mechanism or pathway for the excess water entering the 
STAPP™ system.  The silt and water may have entered the STAPP™ system by flowing between the 
bottom-liner and the top cover where they are attached to the frame at the highest point of the system.  To 
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remedy this potential cause of water infiltration, the apex of the earthen berm extending higher than the 
Tango Range STAPP™ system was removed to reduce the amount of precipitation running down and 
over the face of the STAPP™ system.  Additionally, a minor modification was made to the method of 
securing the bottom-liner and top cover to the frame along the top edge of the system.  The bottom-liner 
of the system was free of any bullet holes, and the 1,700 bullets fired during the demonstrations were 
contained within the rubber granular medium. 

Overall, the system appeared to be installed correctly with the exception of concerns that the original 
gluing of the seams was not done in strict compliance with recommendations of the glue manufacturer.  
The STAPP™ system was re-constructed with a new bottom-liner as the original bottom-liner was 
damaged when the system was dismantled.  As an additional protective measure, a felt fabric material was 
placed between the soil and the bottom-liner.  The original rubber granules and top cover were used and 
the re-constructed Tango Range STAPP™ system was made available for small arms range training in 
August 2007. 

On Juliet and Kilo Ranges water within the system was also an issue but not to the extent that occurred at 
Tango Range. Like Tango Range, all aspects of the systems were checked and were found to be sound in 
their structure and function.  During the spring of 2015 STAPP™ EBC came to Camp Edwards to try and 
remedy the water collection issue at Juliet and Kilo Ranges.  Their efforts included removing and 
replacing framing members while tightening the top cover and placing bottom liner material from the top 
of the system to the ground behind the system.  In theory it was to shed water from running under the 
system or between the bottom liner and the top cover.  The repair was not successful in reducing the 
amount of accumulating within the system.  To remedy water build up on all STAPP™ ranges the 
STAPP™ systems were recovered with tarps to protect from precipitation.  This action proved to be 
extremely effective in reducing the water issue with the STAPP™ systems.  Water is still found within 
the reservoir but not the volumes seen before the using traps to cover the STAPP systems.  Table 4-1 
shows pumped STAPP™ system water prior to and after tarps were used to cover the STAPP™ systems. 

Table 4-1. Pumped STAPP™ System Water, Before and After Tarps Were Installed, JKT Ranges, 

 Camp Edwards, Massachusetts. (*Tarps installed September/October 2011)
 

Training Year Tango Range Juliet Range Kilo Range 

2007 1,420 -- --

2008 1,870 -- --

2009 4,570 0 0 

2010 700 130 140 

*2011 2,465 815 1,545 

2012 115 62 128 

2013 8 70 155 

2014 115 100 71 

2015 480 630 95 

Total 11,743 1,807 2,134 

Another modification to the STAPP™ systems was the incorporation of a view/extraction port for the 
internal water collection reservoir (Figure 15).  Initially, the internal reservoir was only accessible by 
unbolting and peeling back the top cover.  Range Control installed an external port to allow for the 
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viewing and removal of collected water.  The riser pipe was extended and a round hole was cut into the 
top cover, a sealed rubber boot was applied and top cap was installed.  This modification saves time and 
effort in evaluating the internal water collection reservoir.  This modification was implemented at Tango, 
Juliet, and Kilo Ranges. The port on Tango Range is located in the lower right hand corner facing the 
system, on Juliet Range it is in the lower left hand corner, and on Kilo Range there is a port at both the 
lower right and left hand sides of the system. 

Figure 15. STAPP™ System internal Reservoir Access Port 

Tango Range, Camp Edwards, Massachusetts.
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5.0 ENVIRONMENTAL MONITORING 
RESULTS 
Camp Edwards monitors surface soils, pore water, and groundwater at Juliet, Kilo and Tango ranges on a 
rotating schedule (Appendix A) for the metals antimony, copper, and lead.  There is a potential for these 
metals to occur and move within the environment after projectiles that are fired onto the range are 
oxidized, abraded, and further exposed to the environment.  The goal of the monitoring is to determine 
when range maintenance activities are needed to protect the environment and promote range 
sustainability. Data validation is completed at the Tier I1 and Tier II2 level for all data. Ten percent of the 
data is validated at the Tier III level. Unvalidated (i.e. draft) data is forwarded to the regulatory agencies 
within two business days of receipt by the MANG. 

The results of sampling are compared to the action levels presented in Table 5-1.  Any increase in 
concentrations are noted in the results submittal.  If an unexpected result exceeds an Action Level, 
resampling may be conducted to confirm the result.  Any concentrations exceeding the action levels are 
noted in the results submittal and a proposed plan for re-sampling, if needed to confirm an exceedance, is 
included pending data validation.  Validated data is forwarded to the regulatory agencies as soon as 
feasible within seven business days of receipt.  Validated data is normally received by the MANG 4-6 
weeks after sampling occurs.  

Action Levels for contaminants associated with small arms firing were established for soil, porewater, and 
groundwater based upon comments from the SARWG and members of the SAC.  Initially (May 2007), 
there were two levels for porewater and groundwater and one level for soil.  The matrix of Action Levels 
was simplified such that there is currently one action level for each potential contaminant (antimony, lead, 
copper) for each sampling media (soil, porewater, and groundwater).  With approval from the EPA and 
the EMC, tungsten, zinc, and nitroglycerin are no longer part of the analysis.  For tungsten, the source 
area at each range where tungsten bullets were used was removed so that further sampling for tungsten on 
the STAPP™ ranges was no longer required.  As for nitroglycerin, a study was conducted in 2010, 
Adsorption/Desorption Measurements of Nitroglycerin and Dinitrotoluene in Camp Edwards, 
Massachusetts Soils.  This study found that unfired and fired propellant tests suggest that nitroglycerin 
and dinitrotoluene is not completely available for dissolution, and tests with weathered soils indicate none 
of the nitroglycerin is available, although analysis shows nitroglycerin is still present in the soil.  
Therefore it was found that nitroglycerin was not a threat to the groundwater and was no longer needed to 
be analyzed for at the STAPP™ ranges. 

The surface soil action levels for lead, copper, and antimony are set using selected concentrations from 
the Massachusetts Contingency Plan.  These values are not necessarily directly applicable to active small 

1 Tier I Data Validation will include a general review of sample receipt, analysis, and the ability of the instruments to 
recover the elements or compounds that were analyzed. The main components of a Tier I Data Validation include: 
assessing the technical holding times, surrogate recoveries, matrix spike/matrix spike duplicates, laboratory control 
samples, and method blanks. 
2 Tier II Data Validation will include all of the parameters assessed during the Tier I Data Validation as well as the 
following parameters: Metals (6010C and 6020A):  Mass spectrograph tuning; initial calibration; Continuing calibration; 
internal standards; Target compound identification. Tentatively Identified Compounds (TICs): TICs will only be 
addressed in Tier II Data Validations and are generally evaluated only for ground water recovery results.  Initial and 
continuing calibration; Duplicates; Metals spikes and LCS recovery; Assessment of Interferences; Mass tuning (6020A). 
These parameters primarily deal with instrument calibration and analysis sensitivity.  Additionally, Tier II Data 
Validation includes several methods that are not, or are only generally, addressed in the Tier I Data Validation Checklist. 
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arms ranges, but they provide a framework for comparison to concentrations that are considered 
potentially hazardous in some situations.  Porewater action level numbers are based on drinking water 
standards because the porewater is monitored as an early warning of potential groundwater impacts.  
Drinking water standards are not applicable to porewater but they provide a framework for comparison to 
concentrations that are potentially hazardous if they were to migrate all the way to the aquifer. 
Groundwater action levels are set equal to one half of the drinking water standard because a detection of 
range-related metals in groundwater at these concentrations would indicate a potentially significant and 
unexpected occurrence and response actions should be taken before concentrations exceeding safe 
drinking water concentrations occur. The current Action Levels are summarized in Table 5-1. 

Table 5-1. Current Action Levels for Soil, Porewater, and Groundwater
 
Camp Edwards, Massachusetts.   


Surface Soil 


Action Levels 
Lead Antimony Copper 

Surface Soil 3,000 mg/Kg 300 mg/Kg 10,000 mg/Kg 
Porewater 15 ug/L 6 ug/L 1,300 ug/L 
Groundwater 7.5 ug/L 3 ug/L 650 ug/L 

5.1 SOIL SAMPLING RESULTS 
Soil analytical results are discussed in detail in the Annual Environmental Sampling Reports (Appendix 
B). All soil analytical results collected during the Pilot Period are summarized in those reports.  

The soil sampling at Juliet, Kilo, and Tango Ranges is performed using an incremental sampling 
methodology (ISM) from six sample areas on each range on alternating years.  The sample areas are laid 
out in strips across the width of the ranges from the firing lines to the backstop berms so that the impact 
of metals deposition at the firing lines, the target areas, and the areas in between could be separately 
quantified (Figures 4, 5, and 6). 

One hundred-point composite samples are collected from each sample area from a depth of 0 to 3 inches 
below ground surface (bgs).  All samples are ground and processed in accordance with EPA Method 
8330B.  Soil samples are currently analyzed for antimony, lead, and copper.  Table 5-2 provides the 
maximum lead concentrations detected on Juliet, Kilo, and Tango Ranges since 2010.  See Annual 
Environmental Sampling Reports for specific sampling data (Appendix B) 

Table 5-2. Maximum Lead Concentrations (mg /Kg) Detected in Soil on Juliet, Kilo, and Tango Ranges 
Camp Edwards, Massachusetts. 

OCT-10 MAY-11 OCT-11 SEP-12 JUL-13 AUG-14 AUG-15 
Juliet Range 54.6 192 106 43.3 Not 

Sampled 
58.4 Not 

Sampled 

Kilo Range 28.2 30 35.5 Not 
Sampled 

28.1 Not 
Sampled 

34.4 

Tango Range 1090 522 439 Not 
Sampled 

351 Not 
Sampled 

98.9 
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These values represent the maximum lead concentrations detected in the six soil sampling areas on each 
range floor. No consistent trends are apparent in the data at Juliet or Kilo ranges which indicates that lead 
concentrations are not increasing with continued use of the ranges.  However, at Tango Range there is a 
decreasing trend in the maximum concentration of lead within the sampling areas.  This trend may be a 
result of the lack of deposition and the adsorption of lead to soil at Tango Range.  During the nine year 
pilot period no Action Levels for soil have been exceeded at Tango, Juliet, or Kilo Ranges. 

5.2 POREWATER RESULTS 
Porewater analytical results for Tango, Juliet, Kilo, and background lysimeters are discussed in detail in 
the Annual Environmental Sampling Reports (Appendix B).  All porewater analytical results collected 
during the Pilot Period are summarized in the reports. 

TANGO RANGE 
Only antimony has been detected in porewater at Tango Range at concentrations above the Action Level 
(Table 5-3). This has occurred on two occasions (August 2014, 2015) at one location (LYTRNG013, 
Figure 4) at the center base of the STAPP™ system.  Lead and copper concentrations remain well below 
the Action Levels. These detections are further discussed below. 

Table 5-3. Antimony in Porewater at Juliet, Kilo, and Tango Ranges with Background Lysimeter Data to 
Include the Sierra Range Background Lysimeter. 
Range Lysimeter Oct- May- Oct- Sep- Nov- Feb-13* Jul-13 Aug- 15-

10 11 11 12 12* 14 Aug 
Juliet LYJRNG003 0 0 0 11.4 32.8 43 36 54.1 70.75 

Kilo LYKRNG003 0 0 0 6.9 9.6 12 11.6 26.2 37.1 

LYKRNG004 0 0 0 7 12.1 15 11.5 17.3 35.7 

BG LYKRBGD0 - - - - - Not No 0.43 No 
1 sampled sample sample 

/dry /dry 
Tango LYTRNG013 0 0 0 4 4 5.1 4.3 11 15.2 

BG LYTRBGD01 - - - 1.5 0.18 0.35 0.074 ND ND 

Sierra LYSRBGD01 - - - - - Not No No 0.92 
BG sampled sample sample 

/dry /dry 
BG = Background 
ND = Nondetect 
*Resample 

JULIET RANGE 
Antimony has been detected in one porewater lysimeter (JRNGLY003) at Juliet Range at concentrations 
above the Action Level (Table 5-3). This has occurred in several sampling events.  The location is near 
the STAPP™ system.  Lead and copper concentrations remain below the Action Levels.  These detections 
are further discussed below. 

KILO RANGE 
Antimony has been detected in the two porewater lysimeters (KRNGLY003 and KRNGLY004) at Kilo 
Range at concentrations above the Action Level (Table 5-3).  This has occurred in several sampling 
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events. These lysimeters are both in the drainage swale near the STAPP™ system.  Lead and copper 
concentrations remain below the Action Levels.  These detections are further discussed below. 

BACKGROUND LYSIMETERS 
In 2012 background lysimeters were installed in the vicinity of Tango and Kilo Ranges.  They were 
installed to provide a comparative data set for the background occurrence in porewater of antimony, 
copper, and lead.  The Tango Range background lysimeter is the only background lysimeter that was able 
to be consistently sampled since installation (Table 5-4).  The Kilo Range lysimeter was only sampled in 
2014 as it has been dry during all other sampling events.  Although not sampled this cycle, the analysis of 
four rounds of background porewater sampling near Tango Range indicate antimony concentrations as 
high as 1.5 ppb, copper as high as 1.6 ppb, and lead as high as 0.53 ppb.  At Kilo Range in 2014 
porewater sampling indicated antimony concentrations of 0.43 ppb (Table 5-3), copper of 0.79 ppb, and 
lead of 0.084 ppb.  Similar concentrations of these metals detected in lysimeters on the ranges may 
tentatively be expected to be background concentrations. 

Table 5-4. Background Lysimeter Results for Tango Range, Camp Edwards, Massachusetts. 
Year Antimony Copper Lead 
2012 1.5 1.6 0.079 
2013 0.74 1.1 0.13 
2014 ND 3.2 0.53 
2015 ND ND ND 

ND = Non-Detect. 

The source of the antimony detected in the lysimeters near the firing berms at the three ranges is 
suspected to be from legacy range soils.  At all three ranges, the soils comprising the berms were reshaped 
from previously used, on-site, range berm soil.  The dissolution and movement of antimony may be 
exacerbated by the phosphate-based soil amendments that were used on and in the original berms to 
minimize dissolution of and migration of lead during the initial pollution prevention actions under AO2.  
Research has shown that antimony becomes mobilized in soil in the presence of phosphates. 

It should also be noted that on Juliet and Kilo Ranges water runoff is directed from the range berm and 
floor into a drainage swale(s) thereby concentrating range runoff into a single sampling point.  Along with 
the phosphate amendments, this process could be a contributing factor in concentrating antimony at the 
sampling points (porewater) which have exceeded the prescribed action level for antimony.  Annual 
monitoring of porewater and groundwater at the ranges will continue including sampling for antimony so 
that the concentrations can be monitored and groundwater can be protected.  Through the 
recommendation EMC’s SAC (Section 6.0) monitoring porewater or the use of lysimeters will be 
replaced by using split core soil sampling when approved.  The SAC voiced that they believe that the use 
of lysimeters and the results is not representative of how metals are moving through soils.  They have 
stated that there is too much sampling bias; for example water has preferential pathways as it moves 
through soils along with the potential for the lysimeters themselves to be contaminated with soil material 
that may be affecting samples due to prolonged contact time. 

5.3 GROUNDWATER RESULTS 
Groundwater analytical results are discussed in detail in the Annual Environmental Sampling Reports 
(Appendix B).  All groundwater analytical results collected during the Pilot Period are summarized in 
those reports. 
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TANGO RANGE 
Groundwater beneath Tango Range flows from south to north (Figure 4).  Tango Range has one 
groundwater monitoring well that is sampled annually, MW-467S. Monitoring well MW-467S is north of 
the firing line in a down-gradient position.  The location and screen height of MW-467S was selected to 
intercept any Contaminants of Concern (COCs) emanating from Tango Range.  Monitoring well MW
489S was also sampled in the past; however, it was discontinued for active monitoring under the OMMP 
because it is located south of the STAPP™ berm in an up-gradient location. Unfiltered groundwater 
samples are currently analyzed for lead, copper, and antimony using EPA Method SW6020A. 

Results from sampling groundwater wells on Tango Range indicate that there are generally no 
concentrations of lead, copper, or antimony above the action levels in groundwater.  The one exception 
was the 24.1 ppb result from a sample collected from MW467S in 2015.  Low water levels within the 
well necessitated the use of a bailer to retrieve a sample from this well.  In accordance with the OMMP 
the well was resampled and the results were 4.1 ppb for lead which is below the action level for lead in 
groundwater as set forth by the OMMP.  Upon resampling the well still had low water levels but the 
samplers were able to collect a single sample. 

The groundwater metals results obtained during the Tango Range Pilot Period are consistent with 
conclusions made in a report titled:  The Environmental Assessment of Lead at Camp Edwards, 
Massachusetts Small Arms Ranges, May 9, 2007, Prepared by Jay L. Clausen, Biogeochemical Sciences 
Branch, U.S. Army Engineer Research and Development Center, Cold Regions Research and Engineering 
Laboratory, Hanover, New Hampshire (CRREL Lead Report).  Conclusions made in the CRREL Lead 
Report indicate that lead has not migrated to groundwater at any small arms ranges monitored on Camp 
Edwards including some small arms ranges with decades of training using lead ammunition. 

Like other propellants, nitroglycerine was thought to be a threat to groundwater.  Groundwater sampling 
results for propellant related compounds, primarily nitroglycerine, are also consistent with conclusions 
made the report titled:  Adsorption/Desorption Measurements of Nitroglycerine and Dinitrotoluene in 
Camp Edwards Soil, February 2010, prepared by CRREL.  Based on the scientific studies to evaluate the 
fate and transport of propellants, one of the conclusions of this report states that the groundwater is not 
expected to be impacted by propellant residue associated with small arms range training.  With approval 
from the EPA and the EMC, nitroglycerin is no longer required to be analyzed for when sampling 
groundwater at the small arms ranges. 

JULIET RANGE 
Groundwater beneath Juliet Range flows from northeast to southwest (Figure 5).  Juliet Range has two 
groundwater monitoring wells that are sampled annually, MW-471S and MW-472S.  Monitoring well 
MW-471S is downgradient of the STAPP™ system and MW-472S is downgradient of the range floor and 
firing line. The locations and screen elevations were selected to intercept any contaminants, primarily 
lead, antimony, and copper, emanating from Juliet Range.  The source of lead and antimony being the 
projectile and the bullet primer that contains lead styphnate--another source of lead. 

Results from groundwater wells on Juliet Range indicate that there are no concentrations of lead, copper, 
or antimony above the action levels in groundwater. 

The groundwater metals results obtained during the Juliet Range Pilot Period are consistent with 
conclusions made in CRREL lead report. 
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The groundwater results for propellant related compounds, primarily nitroglycerine, are also consistent 
with conclusions made in the CRREL nitroglycerine report. 

KILO RANGE 
Groundwater beneath Kilo Range flows from northeast to southwest (Figure 6).  Kilo Range has one 
groundwater monitoring well that is sampled annually, MW-474S. The location and screen elevation 
were selected to intercept any contaminants emanating from the range floor and firing line at Kilo Range.  
Well MW-473S was also previously sampled but was eliminated from the OMMP because it is not 
located appropriately to monitor for contaminants resulting from the range as currently configured.  

As per the OMMP, groundwater samples are currently analyzed for lead, copper, and antimony using 
method SW6020A.  Results from groundwater wells on Kilo Range indicate that there are no 
concentrations of lead, copper, or antimony above the action levels in groundwater.  Samples were also 
previously analyzed for nitroglycerine and tungsten.  In coordination with the regulatory community 
Tungsten was no longer sampled for as result of source removal at the range. 

The groundwater metals results obtained during the Kilo Range Pilot Period are consistent with 
conclusions made in the CRREL lead report. 

The groundwater results for propellant related compounds, primarily nitroglycerine, are also consistent 
with conclusions made in the CRREL nitroglycerine report. 

Studies and data submitted by MANG indicate that the geochemistry of the soil serves to retard the 
migration of lead, and the depth to groundwater is deep, and substantial intervening soil acts as an 
absorbent. Data suggests that lead in soil will take a long time to significantly impact the groundwater. 
The models predict that it could take anywhere from several hundred to over a thousand years for 
groundwater to exceed drinking water standards. Further, any dissolved form of lead would be rapidly 
removed from porewater primarily via adsorption processes.  Lysimeter results obtained during the Pilot 
Period support this conclusion as lead levels in porewater have either dropped or have remained 
consistent through the Pilot Period. 

5.4 STAPP™ WATER COLLECTION AND ANALYSIS 
During the course of the Pilot Period, water has been collected from the STAPP™ system internal 
reservoirs at Tango, Juliet, and Kilo Ranges in accordance with the OMMP.  This process has resulted in 
the collection, storage, and disposal of the water according to state and federal regulations and law.  Table 
4-1 reflects the amount of water removed from the STAPP™ systems to date. 

Upon completion of the installation of the STAPP™ system at Tango Range an unanticipated buildup of 
water was identified in the system. This reoccurring buildup of water was determined to be a result of 
condensation, as well as infiltration of precipitation into the system.  This water was analyzed in March, 
April, and November 2007 for the MANG by Environmental Chemical Corp. (ECC) under contract with 
the US Army Corps of Engineers.  The results of these sampling events identified the water as non
hazardous, however, elevated levels of antimony and zinc were detected above drinking water limits.  In 
late November 2007, the existing analytical data was reviewed by the 102nd Intelligence Wing Waste 
Water Treatment Plant (WWTP) manager and the Massachusetts Army National Guard, in coordination 
with the Massachusetts Air National Guard, successfully introduced 840 gallons to the WWTP for 
treatment/disposal.  Additional accumulated water was sampled in December 2007 by ECC and again in 
April 2008. The April 2008 analysis, conducted by TMC Services Inc., under Massachusetts Army 
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National Guard contract, was used to create a waste profile sheet for the disposal of 827 gallons of non
hazardous waste water at an off-site treatment facility in June 2008.  In November 2008, the 
Massachusetts Army National Guard conducted sampling and analysis of the Tango Range STAPP™ 
water to be included as part of a formal request made to the WWTP to accept all water generated from the 
STAPP™ system.  This request was verbally denied in a meeting with Massachusetts Army National 
Guard and Massachusetts Air National Guard personnel.  In December 2008, using the profile created in 
June 2008, an additional 2,470 gallons of STAPP™ water was shipped off-site for proper 
treatment/disposal. It should be noted that before firing occurred at Tango, Juliet and Kilo Ranges the 
STAPP™ system water analysis showed elevated levels of metals. 

In March 2009, the construction of the Kilo Range STAPP™ system was completed and the range came 
online. In April and June 2009, two additional disposal events for only Tango Range STAPP™ water 
were conducted, resulting in the disposal of 1,500 gallons and 850 gallons respectively.  In August 2009, 
construction of Juliet Range was completed and by the end of August both new systems had begun to 
accumulate water resulting from condensation, as well as precipitation.  Before the end of August 2009 
water was collected separately from Juliet and Kilo ranges and analyzed for Resource Conservation and 
Recovery Act metals.  The results from this sampling event were compared to previous Tango Range 
results. The August 2009 analysis of water from Juliet and Kilo ranges indicated similar levels of 
analytes with respect to the previous Tango Range results utilized for off-site treatment and disposal.  
Therefore, all subsequent off-site treatment and disposal of STAPP™ water from Tango, Juliet, and Kilo 
ranges, to include January 2010 (1,020 gallons), April 2010 (525 gallons), and December 2010 (1,170 
gallons) were shipped off-site utilizing the existing profile sheet generated in June 2008.  In 2015, water 
from the STAPP™ systems was analyzed and found to be consistent with past sampling events where 
elevated levels of antimony and zinc were found (Table 5-3).  Based on the STAPP™ System Water 
Analytical profiles all STAPP™ water continues to be shipped to an offsite disposal facility as a non
hazardous waste water. 

Analytical results for metals were below the MassDEP GW-1 standard and EPA maximum containment 
levels for all analytes except antimony (Table 5-5).  Antimony results range from 13.1 µg/L to 255 µg/L.  
The MassDEP GW-1 standard and EPA maximum containment levels for antimony are 6.0 µg/L.  The 
waste profile results for the water removed from the STAPP™ indicate that all water removed has been 
non-hazardous. 
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Table 5-5. Analytical Results for STAPP System Water, Camp Edwards, Massachusetts. 

The water removed from the STAPP™ system was initially treated at the 102nd WWTP as approved by 
the MassDEP.  Subsequent disposals of the STAPP™ water were and are taken offsite to a licensed 
recycling facility. 

As indicated in other sections of this report, the STAPP™ systems were covered with tarps to limit the 
amount of water entering the systems.  This practice has greatly reduced the amount of water 
accumulating within the STAPP™ systems. 
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6.0 ENVIRONMENTAL MANAGEMENT 
COMMISSION 
Through the recommendations of the Community Working Group, the MANG, and through the actions of 
the Governor and the State Legislature, Chapter 47 of the Acts of 2002 established the EMC, consisting 
of the Commissioner of the Department of Fish and Game (DFG), the Commissioner of MassDEP, and 
the Commissioner of the Department of Conservation and Recreation (DCR).  The EMC oversees 
compliance with and enforcement of the EPSs in the Upper Cape Water Supply Reserve/Camp Edwards 
Training Area (Reserve TA), coordinates the actions of environmental agencies of the Commonwealth of 
Massachusetts in the enforcement of environmental laws and regulations in the Reserve TA, as 
appropriate, and facilitates an open and public review of all activities in the Reserve TA.  The legislation 
also states that the environmental agencies of the EMC retain all their respective, independent 
enforcement authority. 

Chapter 47 of the Acts of 2002 also directed that the EMC be assisted by two advisory councils.  The 
CAC, consisting of 15 members, assists the EMC by providing the communities concerns and advice on 
issues related to the protection of the water supply and wildlife habitat within the Reserve TA.  The SAC, 
consisting of up to 9 members, assists the EMC by providing scientific and technical advice relating to 
the protection of the drinking water supply and wildlife habitat within the Reserve TA.  The Act also 
established an Environmental Officer for JBCC.  In this capacity, the Environmental Officer provides 
monitoring of military and civilian activities on and uses of the Reserve TA and the impact of those 
activities and uses on the water supply and wildlife habitats.  Working directly for the EMC, the 
Environmental Officer has unrestricted access to all data and information from the various environmental 
and management programs in the Reserve TA.  The Environmental Officer has full access to all points in 
the Reserve TA and conducts inspections at any time in order to monitor, oversee, evaluate, and report to 
the EMC on the environmental impact of military training and other activities.  His on-site monitoring 
occurs prior to, during, and immediately following training and other activities.  The Environmental 
Officer’s monitoring activities include but are not limited to: training sites, pollution prevention and 
habitat protection activities for both military and military contractors in the Reserve TA, as well as 
coordinating with and consulting with the E&RC on various projects, initiatives, and issues. 

The Environmental Officer acts as a liaison between the EMC, SAC, CAC, military, general public, and 
various state agencies. The Environmental Officer identifies and monitors ongoing issues regarding 
training procedures and the environment in the Reserve TA and keeps the EMC, SAC and CAC apprised 
of the progress of these issues in addition to bringing issues to the E&RC for resolution.  He also 
participates in community outreach activities with the E&RC and facilitates the EMC, SAC and CAC 
public meetings under the legislation.  

In general the EMC, SAC, and CAC meet twice a year.  However, meetings can be scheduled as needed.  
The meetings are open to public with meeting notices and agendas provided to the Secretary of State’s 
Office as required under the open meeting law for Massachusetts.  These meetings are advertised online 
at http://www.thenationsfirst.org/ERC/index.htm and ads are placed in the local Enterprise Newspapers.  
Meeting topics include but are not limited to personnel changes, Natural Resource actions, training area 
venue and range updates, and finally other Reserve TA activities such as Eversource and National Grid 
work in the area is briefed. 
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For small arms range development, the use of simulated munitions (projectile based and pyrotechnic 
devices) and blank use, the EPSs provide for a rigorous review, management, and oversight process.  
Currently the EMC’s Environmental Officer has oversight of the STAPP™ system ranges (Juliet, Kilo, 
and Tango Ranges), the Enhanced performance Round (copper) ranges (India and Sierra Ranges), and the 
M320 40mm grenade range (Lima Range).  The following is a summary of the range development 
process. 

Proposed small arms range development, simulated munition (projectile based and pyrotechnic devices) 
and blank ammunition use on Camp Edwards are regulated by Chapter 47, the Acts of 2002 and its 
associated EPSs.  As the ranges and training aids are proposed for use they are brought before the EMC 
for evaluation for compliance with the EPSs and compatibility with the habitat and groundwater per the 
tenants of Chapter 47, the Acts of 2002.  In general the proposal is brought to the SAC and CAC for their 
input and recommendation to the Commissioners that sit on the EMC.  If the proposal is supported by the 
commission then they authorize the Environmental Officer to approve the range in accordance with the 
EPSs. The Environmental Officer then ensures the tenants of the EPSs are followed to complete the 
process. 

The specific standards are the General Performance Standards and EPS 19.  The standards are as follows: 

General Performance Standards: 

“Limitations on the use of small arms ammunition and live weapon fire fall into the following two 
categories: 

Live weapon fire is prohibited outside of established small arms ranges. Live weapon fire is not 
allowed on established small arms ranges except in accordance with Environmental Performance 
Standard 19,other applicable Performance Standards, and a range-specific plan approved through 
the Environmental Management Commission (EMC). 

Blank ammunition for small arms and simulated munitions may be used in areas outside of the 
small arms ranges, using only blank ammunition and simulated munitions identified on an 
approved list of munitions. Joint review and approval for inclusion on the list shall be through by 
the Environmental & Readiness Center (E&RC) and the EMC.” 

“Pollution prevention and management of the Camp Edwards training ranges will focus on and 
include the following: 

The Camp Edwards Training Area, including the Small Arms Ranges (SAR) and their associated 
"Surface Danger Zones," and any areas where small arms or other munitions or simulated munitions 
are used, shall be managed as part of a unique water supply area under an adaptive management 
program that integrates pollution prevention, and best management practices (BMP), including the 
recovery of projectiles. This will be done through individual range-specific plans that are written by 
the Massachusetts National Guard and approved for implementation through the EMC and any other 
regulatory agency having statutory and/or regulatory oversight. Adaptive, in this context, means 
making decisions as part of a continual process of monitoring, reviewing collected data, evaluating 
advances in range monitoring, design and technology, and responding with management actions as 
dictated by the resulting information and needs of protecting the environment while providing 
compatible military training within the Upper Cape Water Supply Reserve. 
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A range plan shall be designed and followed to reduce the potential for an unintended release to the 
environment outside of the established containment system(s) identified in the range-specific plans. 
All users must be aware of, and comply with, the Environmental Performance Standards that are 
applicable to all SAR activities. Any range specific requirements will be coordinated through the 
E&RC with the EMC, incorporating those specific requirements into the appropriate range-specific 
plans and range information packets. Camp Edwards SAR Pollution Prevention Plan shall be 
followed to prevent or minimize releases of metals or other compounds related to the normal and 
approved operation of each SAR. The adaptive SAR management program components required in 
each range-specific plan shall include: 

	 Consultation with applicable agencies with oversight of the training area before undertaking any 
actions that are subject to state and/or federal regulatory requirements.  

	 Specific recovery plans for the removal and proper disposition of spent projectiles, residues and 
solid waste associated with the weapons, ammunition, target systems, and/or their operation and 
maintenance. 

	 Reduction of adverse impacts to the maximum extent feasible, including consideration for the 
design/redesign and/or relocation of the activity or encouraging only those activities that result in 
meeting the goal of overall projectile and/or projectile constituent containment. ·  

	 Internal and external coordination of documentation for the Camp Edwards range management 
programs and other related Camp Edwards management programs including: the Integrated 
Training Area Management Program, Range Regulations, Camp Edwards Environmental 
Management System, Civilian Use Manual, and Standard Operating Procedures. 

	 Long-term range maintenance, monitoring and reporting of applicable parameters and analysis.  

The Massachusetts National Guard shall ensure that all training areas where munitions or simulated 
munitions are used or come to be located, including range areas, range surface danger zones, and any 
other areas within the Upper Cape Water Supply Reserve that are operational ranges are maintained 
and monitored following approved management plans that include planning for pollution prevention, 
sustainable range use and where applicable, restoration.” 

EPS 19. Range Performance Standards: 

“19.1. All operational ranges including but not limited to small arms ranges (SAR) shall be managed to 
minimize harmful impacts to the environment within the Upper Cape Water Supply Reserve. Range 
management at each range shall include to the maximum extent practicable metal recovery and recycling, 
prevention of fragmentation and ricochets, and prevention of sub-surface percolation of residue associated 
with the range operations. Camp Edwards shall be held responsible for the implementation of BMPs by 
authorized range users, including collection and removal of spent ammunition and associated debris. 

19.2. Small arms ranges shall only be used in accordance with approved range plans. These plans shall be 
designed to minimize to the maximum extent practicable the release of metals or other contaminates to 
the environment outside of specifically approved containment areas/systems. Occasional ricochets that 
result in rounds landing outside of these containment areas is expected and every effort to minimize and 
correct these occurrences shall be taken. Failure to follow the approved range plans shall be considered a 
violation of this EPS. 
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19.3. All operational SARs shall be closely monitored by the Massachusetts National Guard to assess 
compliance of the approved range plans as well as the implementation and effectiveness of the range 
specific BMPs. 

19.4. Camp Edwards / Massachusetts National Guard Environmental and Readiness Center shall staff and 
request appropriate funding to support its SAR management plans. 

19.5. All users must use and follow Camp Edwards' Range Control checklists and procedures to: 

 Minimize debris on the range (e.g. shell casings, used targets) 
 Minimize or control residues on the ranges resulting from training (e.g., unburned constituents, 

metal shavings from the muzzle blast) 
 Ensure the range is being used for the designated purpose in accordance with all applicable plans 

and approvals 

19.6. Camp Edwards is responsible for following range operation procedures and maintaining range 
pollution prevention systems. Range BMPs shall be reviewed annually for effectiveness and potential 
improvements in their design, monitoring, maintenance, and operational procedures in an effort to 
continually improve them. Each year the annual report shall detail the range-specific activities including, 
but not limited to, the number of rounds fired, number of shooters and their organization, and the number 
of days the range was in use. The annual report will also detail active SAR groundwater well and 
lysimeter results, as well as any range maintenance/management activities that took place that training 
year and the result of such activities, i.e. lbs. of brass and projectiles recovered and recycled, etc. The 
Massachusetts National Guard shall provide regular and unrestricted access for the EMC to all its data 
and information, and will provide immediate access to environmental samples from the range, including 
range management and monitoring systems and any other applicable activities operating on the ranges. 

19.7. Range plans and BMPs for training areas shall be reviewed and/or updated at least every three years. 
Management plans for new and upgraded ranges shall be in place prior to construction or utilization of the 
range. Range plans, at a minimum, will address long-term sustainable use, hydrology and hydrogeology, 
physical design, operation, management procedures, record keeping, pollution prevention, maintenance, 
monitoring, and applicable technologies to ensure sustainable range management. Range plans shall be 
integrated with other training area planning processes and resources. 

19.8. The Massachusetts National Guard shall establish procedures for range maintenance and where 
applicable, maintenance and/or clearance operations to permit the sustainable, compatible, and safe use of 
operational ranges for their intended purpose within the Upper Cape Water Supply Reserve. In 
determining the frequency and degree of range maintenance and clearance operations, the Massachusetts 
National Guard shall consider, at a minimum, the environmental impact and safety hazards, each range's 
intended use, lease requirements, and the quantities and types of munitions or simulated munitions 
expended on that range.” 

See Appendix C for a complete version of Chapter 47 of the Acts of 2002 and the Environmental 
Performance Standards. 
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7.0 CHANGES TO THE OPERATIONS, 
MAINTENANCE AND MONITORING 
PLAN AND LESSONS LEARNED 
It is acknowledged that the OMMP should be a “living document,” one that changes over time as more 
information becomes available, technology advances, and lessons are learned.  Initially the OMMPs for 
Tango, Juliet, and Kilo Ranges were separate documents.  All STAPP™ Range OMMPs (Tango, Juliet, 
and Kilo) have been combined into a single document.  To illustrate the adaptive and dynamic nature of 
the OMMP as a living document, revisions to the OMMPs for Tango, Juliet, and Kilo Ranges occurred on 
June 2007, December 2007, October 2008, and January 2009.  The OMMPs were consolidated into a 
single document in September 2012.  The OMMP was again updated April, June, October, and November 
2014.  Finally the OMMP was updated and approved again in July 2015. 

Several major changes to the OMMP include: establishing Interim Action Levels for contaminants in soil, 
porewater, and groundwater, establishing corrective actions if Action Levels are exceeded, and defining 
the communications and providing for continuity as personnel leave and are replaced.  Specific changes to 
the OMMP included the following:  consolidation of the three plans into one plan for all three ranges; 
deletion of extraneous information that is not related to protection of the environment; reorganization of 
the plan so that important tasks have their own primary section and aren’t buried in various sub-sections 
making the document more user friendly; simplification of the range inspection procedures; streamlined 
environmental monitoring that accounts for lessons learned since the original OMMPs were written, while 
still ensuring protection of the environment, and, finally, a simplified action level process for soil, 
porewater and groundwater monitoring results to ensure environmental protection. 

For soil the initial action level was based on the modeled potential for leaching to groundwater and if 
exceeded, required sample validation, resampling, cause evaluation and potentially the alteration of the 
conceptual site model.  The current action level is based on the Massachusetts Contingency Plan.  Initially 
for porewater and groundwater there were two action levels, a level 1 and a level 2.  These levels were 
based on the relative drinking water standard.  For porewater if the action level 1 was exceeded a Focused 
Reassessment was called for where resampling, modification of the conceptual site model, or 
maintenance could occur.  If a level 2 action level was exceeded for porewater then some sort of Range 
Maintenance was required such as soil removal, resampling, and a ceasefire until the issue could be 
rectified after coordinating with regulatory stakeholders.  For groundwater there was also a level 1 and 2 
action level. The difference between the porewater and groundwater action levels is in the level 2 
process. For groundwater if the level 2 action level was exceeded then a cease fire was imposed, stake 
holder coordination took place, and finally, range maintenance and a reassessment of the pollution 
prevention program would have been required.  Currently there is only one action level for porewater and 
groundwater. For porewater the level is based on the drinking water standard and for groundwater it is 
one half the drinking water standard.  If action levels are exceeded for these standards stakeholder 
coordination and resampling is required.  Communications and continuity among and with staff was 
identified as an issue that could be problematic with long-term management of the STAPP™ ranges.  
Actions taken toward this end were the creation of a reporting matrix, Figure 12-1 of the current OMMP 
(Appendix A). 

Inspection checklists were revised to incorporate SARWG suggested improvements.  Sections B and C of 
the checklists were combined for added clarity and the sketch was appropriately updated to show the 
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placement of the toe berm boxes.  Other changes included adding further written directions within the 
sheets such that day to day users could understand what was expected within each form. 

Another change consisted of establishing maximum (25m) and minimum (2.7m) firing distances from the 
target line along the range floor to facilitate transition firing.  This allowed personnel to move forward of 
the 25m firing line and fire at targets.  With the increased area available for firing and potential deposition 
of contaminants, the soil sampling plan was modified to include six sampling units instead of the original 
two. 

The OMMP now references a red stripe that was painted on the upper portion of the top cover on all 
STAPP™ ranges to limit overshot (Figure 11).  The red line provides for an upper limit of aiming for all 
range users. This has reduced overshot and impacts to the STAPP™ system above the red upper limit 
line. 

As expressed in Sections 5.2 and 7.3, pan lysimeters are thought to be a better tool for monitoring 
porewater. The MANG revised the OMMP to require all pan lysimeters on the ranges. 

The MANG is committed to keeping the OMMP updated to allow efficient and appropriate operations 
and monitoring of the STAPP™ Ranges.  The MANG will continue to make changes as needed, are 
appropriate, and approved. 

Based on observations and use of the STAPP™ systems there have been lessons learned.  The lessons 
learned have been discussed with members of the SARWG and incorporated in the most current version 
of the OMMP as required and approved.  The lessons learned included are grouped into three categories: 
Operations, Inspections and Maintenance, and Environmental Monitoring. 

7.1 OPERATIONS 
Management Controls 
The MANG has developed management controls to support compliance with the Small Arms Range 
OMMPs. Incorporating these management controls into the OMMP would allow the Revised Combined 
OMMP to act as an overall operating guide and provide built-in redundancy and ensure safeguards are in 
place, see Section 12 of the current OMMP (Appendix A) 

In 2011 management controls that were added to the OMMP that included: 1) a Notification Protocol 
should the MANG not be able to comply with a requirement of the OMMPs; 2) a STAPP™ Range Tarp 
Cover Project Description where the STAPP™ systems are covered with a tarp to reduce water build up 
within the STAPP™ system; 3) Water Removal Contracting and Budgeting provisions to ensure funding 
is available to dispose of the STAPP™ water and to conduct annual environmental sampling as required; 
4) creation of a Camp Edwards Sustainable Range Program Working Group that meets monthly to ensure 
the OMMP is being complied with and to discuss other Camp Edwards range issues and future range 
development; and 5) a Standard Operating Procedure for STAPP ™System Range Maintenance 
Procedures and Inspections. 

In order to better understand the time and effort to accomplish routine maintenance on the STAPP™ 
system, Range Control kept an ongoing log of personnel and time required to perform maintenance.  Over 
the duration of the Pilot Period, it is estimated that patching and/or seaming maintenance work required 
two personnel an average of four hours per training event.  It was noted that as training activities 
increased so did the required level of effort to properly maintain the top cover.  
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At the beginning of the Pilot Period, routine maintenance was expected in the form of top cover patching.  
Repetitive seam failures and frequent water removal were not anticipated (beyond routine maintenance) 
that could potentially expose personnel to lead residue from spent rounds inside the STAPP™ system.  
The risk of exposure from opening a corner of the system to remove the excess water was reduced when a 
water inspection port was installed, allowing staff to conduct OMMP-required water level inspections and 
remove water from the system without removing the STAPP™ system top cover (Figure 9).  Because of 
the frequency and scale of repairs during the first year of operations at Tango Range, a worker health 
study was coordinated through the MANG Safety Office to determine if personnel were at risk of 
exposure to lead and to determine the appropriate level of protective equipment required during 
maintenance activities.  Results of the worker health study identified that personnel were not at risk, and 
typical health and safety practices such as no eating and drinking during maintenance activities and 
washing hands before eating were sufficient to protect personnel performing maintenance tasks on the 
STAPP™ system. 

Ricochets have not caused problems to the system or personnel. 

On Tango Range raising the 25-meter firing line improved the angle of firing for training and reduced the 
number of overshot.   

The toe berm boxes appear to function well in protecting the base of the STAPP™ system from bullet 
penetrations. The placement of the toe boxes behind the target frames and within two to three feet of the 
STAPP™ system allows easier and safer access to the targets and provides greater protection of the 
framework from errant or ricochet rounds.  In 2015 and 2016 the toe berm boxes were replaced at Juliet 
and Kilo Ranges respectively.  The replacement boxes were constructed in a similar fashion to those that 
have been used on Tango Range.  The Tango Range boxes were constructed using 6” x 6” timbers and 
have been very affective in protecting the base of the STAPP system from undershot. 

The Tango Range top cover was replaced due to incorrect installation causing multiple operational issues, 
e.g. seam failure and water build up. 

Rounds can ricochet off of the ground surface, toe boxes, and target frames and tumble entering the 
system.  Tumbling projectiles can cause larger than expected holes in the top cover.  This in turn causes 
greater maintenance. 

Hollow point bullets need to be cleared with Range Control and require greater maintenance as they cause 
larger holes similar to tumbling rounds. 

Tracer rounds were demonstrated to function acceptably within the STAPP™ system.  Wear and tear 
above acceptable levels was not observed during demonstrations and inspections with tracer rounds. 
However on Tango Range there was an instance where tracer rounds bounced back towards the firing 
line. Range Control has since had a moratorium on using tracer rounds on STAPP™ ranges. Those 
wanting to use tracer rounds must coordinate with a Range Control Officer before they are approved for 
use at the STAPP™ system ranges. 

Based on lane sampling and extrapolation approximately 94-99% of all rounds fired at the STAPP™ 
system are captured. 

As discussed in Section 3.0, seven 7.62mm rounds penetrated the STAPP™ system bottom-liner.  The 
lessons learned with regards to the 7.62mm rounds is that regular maintenance is critical.  The granular 
rubber depth at 18 inches must be maintained and is crucial to using larger caliber weapons (7.62mm) and 
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to avoid bottom-liner perforations on STAPP™ system small arms ranges.  Though a few rounds did 
penetrate the bottom-liner, and they were recovered, the soil area below the STAPP™ system is not 
exposed to weathering conditions; thus it is expected that there was no risk to the environment. 

Target frames and each firing lane should be located such that the center of each target is lined up on the 
center of an appropriate panel of the STAPP™ top cover.  It is better to have bullets go through the 
middle of a top cover panel than to cause extra stress on seams between panels. 

Inspection and management of the water collecting inside the STAPP™ system was also an ongoing task.  
Removal of the collected STAPP™ system water generally required two personnel from Range Control 
an average of three hours per event.  Rain event inspections generally required one individual an average 
of one hour per event. The effort for water collection and monitoring is significantly less since Range 
Control started the use of tarps to cover the STAPP™ systems.  By covering the STAPP™ systems water 
accumulation within the STAPP™ systems has been significantly reduced, Table 4-1. 

Finally, Camp Edwards has hired a civilian Range Control employee to ensure consistency during 
transition of military and civilian staff.  This position’s job will be to learn all aspects of range operations, 
help in directing staff to manage the ranges, and to ensure continuity during military staff transitions. 

7.2 INSPECTION AND MAINTENANCE 
Initially, bi-weekly inspections were conducted as part of the ongoing training cycle.  Inspections are now 
monthly per an approved change in the OMMP. 

All maintenance work on the STAPP™ system should be done with appropriate containment, personal 
protective equipment and training for site workers.   

Walking on the top cover can put pressure on the panel seams and potentially cause seams to fail.  Not a 
current issue. 

In the early stages of the program, the top cover patches were square.  It was determined through 
inspections that the lips of the patches were collecting water along with sand.  Range Control began 
designing round or oval patches to allow water and windblown sand to migrate down the face of the 
STAPP™ system.  Top cover repairs now consist of using only glue when possible to fill cuts, slashes, 
and some holes.  Patches are still required where using only glue is not sufficient for repair. 

It was found that the product (Loctite 401) used by STAPP™ personnel to glue the seams did not hold up 
to weather conditions at Camp Edwards.  Camp Edwards has found that Loctite 5510 elastic adhesive 
caulking is the best way to repair holes and seam failures.   

Results of air sampling during the bullet sifting activities performed showed that respirators were not 
required. 

Covering the STAPP™ systems with tarps precludes most water build up within the system.  Less 
pumping, sampling, and disposal equals reduced operational cost and, most importantly, further 
environmental protection. 

A Training Facility Utilization Report is generated for each firing event.  Range Control expanded on this 
report to account for quantity and type of round fired on each lane.  This data can be used to assess the 
overall wear and tear from rounds impacting the system’s top cover, to include projected schedule for top 
cover replacement. 
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By observing range firing, it can be determined which type of ammunition or training will cause an 
increase in maintenance, specifically more patching of the top cover.  The use of the 7.62mm (M240B) 
and/or firing the 5.56mm (M249 SAW) weapons, machine guns with heavy rates of fire that create beaten 
zones, and .40 cal hollow points were observed to cause increased wear.  

Construction of STAPP™ and any bullet containment system should follow pre-established construction 
plans. The construction plans should include all pertinent Quality Control/Quality Assurance (QA/QC) 
steps necessary to ensure an acceptable end product. This is considered a lesson learned based on some 
of the maintenance required on the Tango Range STAPP™ system.  It is speculated that top cover 
maintenance during the pilot program would have been less if more rigid QA/QC procedures were 
followed on the STAPP™ system installations. 

7.3 ENVIRONMENTAL MONITORING 
Based on soil sampling data from the range floor that has shown no apparent trend for lead deposition as a 
result of the bullet propellant, and the fact that the groundwater has not been impacted by lead from small 
arms ranges, soil sampling at Juliet, Kilo, and Tango Ranges is now performed at each range on 
alternating years. 

Results from sampling groundwater wells on Tango Range indicate that there are generally no 
concentrations of lead, copper, or antimony above the action levels in groundwater.  The one exception 
was the 24.1 ppb result from a sample collected from MW467S in 2015.  Low water levels within the 
well necessitated the use of a bailer to retrieve a sample from this well.  In accordance with the OMMP 
the well was resampled and the results were 4.1 ppb for lead which is below the action level for lead in 
groundwater as set forth by the OMMP.  Upon resampling the well still had low water levels but the 
samplers were able to collect a single sample. Based on this experience groundwater samples should only 
be taken if appropriate water levels are present within the well and well screens. 

Use of legacy soils in constructing the ranges can be problematic when it comes to soil contaminants such 
as metals.  It is thought that the likely source of elevated antimony detections in pore water were from the 
use of legacy soils on the range.  Maectite™ (phosphate) was used to immobilize lead in legacy soils 
during a 1998 berm treatment process for stabilizing lead in soil.  Research has shown that phosphate can 
cause antimony to become more mobile in soil.  

The soils of Camp Edwards do not need to have the pH adjusted as the native soil’s pH is appropriate to 
avoid metals mobility at the small arms ranges. 

Tension lysimeters are not appropriate for monitoring the soil porewater on small arms ranges.  Materials 
within the tension lysimeters such as the ceramic cup and metal components can adsorb or release metals.  
As stated earlier in the report, these materials could cause false positive and negative readings in metals 
analysis. 

Pan Lysimeters are now in use for soil porewater monitoring on STAPP™ Ranges.  High Density 
Polyethylene (HDPE) is now used in lysimeters intended to sample soil porewater for metals as HDPE 
does not have the property of adsorbing metals.   

With regards to lysimeters the EMCs SAC advised that a better methodology for tracking metals through 
soil as an early warning system for protecting groundwater would be to conduct spilt core soil sampling.  
This sampling will be implemented if it is approved. This was advised based on the fact that water can 
have preferential pathways, lysimeters only provide a point sample, and the residence time of water 
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within the lysimeter where sediment and the lysimeter materials themselves can have affect the analysis 
of porewater. 

If changes in training are approved and implemented at the small arms ranges, monitoring specified by 
the OMMP should be reviewed to ensure that it is appropriate for monitoring the change in training.  As 
an example, when transition firing (where shooters advance forward of the 25m firing line) was approved 
the soil sampling specified by the current OMMP was changed to include a larger area of potential 
impact. 
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8.0 SUMMARY AND CONCLUSIONS 

The Pilot Period for Tango Range began in August 2007 and in August 2008 for Juliet and Kilo Ranges.  
The objective of the Pilot Period was to assess the Tango, Juliet, and Kilo OMMP and the effectiveness of 
the STAPP™ system installed on these ranges.  The Pilot Period most importantly gave the regulatory 
agencies a chance to review the effectiveness of range management and the MANG’s ability to meet its 
commitment in operating small arms ranges at Camp Edwards in an environmentally sound fashion, i.e. 
no impacts to groundwater. 

Approximately 16,968 individuals were trained over 425 total days of use on the STAPP™ ranges, using 
lead ammunition during the Pilot Period for Tango, Juliet, and Kilo Ranges.  All firing events were 
monitored with inspections before, during and after training events as per the OMMP.  Mass Balance and 
overshot analysis shows that approximately 94-99% of the bullets fired during training events were 
captured by the STAPP™ system and effectively isolated from the environment.   

More maintenance was required on the STAPP™ system than was anticipated, particularly on the top 
cover and to remove water collected in the internal reservoir.  However, the STAPP™ system is 
considered an effective system design to capture most of the bullets fired and isolate them from the 
environment. 

The Conceptual Site Model with contaminant potential exposure pathways for the STAPP™ ranges was 
detailed in the OMMP. For lead, relevant literature including the CRREL Lead Report indicate that lead 
mobilization at small arms ranges occurs mainly by wind and surface water erosion and to a lesser extent 
through dissolution and leaching through soil. Lead is less mobile in soil at a neutral pH.  Best 
Management Practices (BMPs) were implemented at Tango, Juliet and Kilo Ranges to minimize any 
potential environmental impact.  Bullets captured within the STAPP™ system are effectively isolated 
from the wind and are not in contact with surface waters of the range.  Based on the Conceptual Site 
Model, this removes the most likely migration pathways for lead and other metals.  Based on annual 
range sampling of the firing line and range floor there has been no evident trend of lead deposition from 
propellants within the bullet primer. 

Antimony has become a metal to monitor as OMMP action levels have been exceeded for porewater on 
Tango, Juliet, and Kilo Ranges. Elevated detections of antimony at concentrations exceeding the Action 
Level in several of the lysimeters have now been confirmed in several consecutive sampling rounds.  It 
was thought that pH might be a contributing factor to the increased level of antimony in porewater.  
Liming of the ranges was put on hold in 2013 to determine if adjusting the pH could be a contributing 
factor to the increased levels of antimony in porewater.  It appears that this is not the case based on 
porewater sampling results--levels have continued to rise.  Another possibility causing an increase in 
antimony in porewater is that the lysimeters have sediments within the collection bucket where porewater 
can remain in contact with these sediments for an extended timeframe.  Sediment contact time could be 
responsible for elevated antimony levels in pore water.  It should be noted that the EMC’s SAC has on 
multiple occasion suggested that this residence time of porewater in contact with sediments within the 
lysimeters can be problematic affecting sampling result.  For this reason, the MANG will be analyzing 
both filtered and unfiltered pore water samples.  Efforts will again be made to determine if there is 
sediment present within the lysimeters.  If so, they will be purged of sediment.  Another potential cause of 
elevated antimony in porewater can be phosphates, which were added to the range soils during the berm 
maintenance project of 1998.  A phosphate-based amendment was added to range soils to decrease the 
mobility of lead.  Unfortunately, phosphates can mobilize antimony.  With time, phosphate levels will 
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diminish, and so monitoring of antimony levels will continue along with close coordination with the 
regulatory community in regards to antimony in porewater.  The two potential causes of elevated 
antimony levels, phosphate and sediment within the lysimeters, are not mutually exclusive and both could 
be contributing to this issue.  An additional concern is that the lysimeters on both Juliet and Kilo Ranges 
are located within the drainage system of the ranges where storm water is collected from most of the 
range footprint.  Therefore antimony may be concentrating within the lysimeter located within the system. 

Careful monitoring of porewater should continue and continued consultation with experts in the field of 
metals mobility will be undertaken.  Porewater sampling maybe replaced with split core soil sampling, as 
advised by the SAC, to more accurately track metals through soil.  When the specifics for this type of 
sampling is determined and when approved, the MANG will implement this new protocol during the next 
sampling cycle. 

The OMMP included broad monitoring to assess potential environmental impacts.  Methods used for 
environmental monitoring included soil sampling for COCs, monitoring soil pH, sampling soil pore water 
via lysimeters, and sampling groundwater immediately down-gradient of the range.  The results of the 
environmental monitoring during the Pilot Period shows that COCs are not migrating from the range but 
do need close scrutiny to assure no environmental impacts are imminent or occurring. 

The BMPs and robust environmental monitoring implemented at the STAPP™ Ranges demonstrates the 
MANG’s commitment to provide small arms range training at Camp Edwards all while being protective 
of natural resources, especially groundwater.  The MANG has reviewed and evaluated all data generated 
during the Pilot Period.  The MANG has considered conclusions in the CRREL Lead Report, ongoing 
studies on fate and transport of antimony and propellant related small arms range compounds and 
IAGWSP reports that investigated small arms ranges at Camp Edwards. 

The MANG believes that EPA’s issues as identified in AO2 and the approval letters for the STAPP™ 
ranges (Juliet, Kilo, and Tango Ranges) have and will be continually addressed to be protective of the 
Camp Edwards Training Area/Upper Cape Water Supply Reserve.  Specific tasks completed and issues 
addressed include: 

	 Lead and lead contaminated soil was removed from impact berms as a mitigation measure and 
further removal has been conducted as identified in the Decision Document, Small Arms Range 
Operable Unit, and (September 2015). 

	 Research was conducted into the use of projectile capturing material and nontoxic ammunition. 
The MANG has three ranges using a STAPP™ Bullet Catcher System and two ranges that are 
utilizing nontoxic ammunition, i.e. copper projectiles. 

	 The MANG now uses lead bullets on ranges that have a system in place to capture the 
projectiles or the range is managed through an OMMP.  

	 The Department of the Army and the MANG are transitioning to copper rounds, namely the 
Enhanced Performance Round currently used on India and Sierra ranges at Camp Edwards. 

	 OMMPs are created for all approved ranges and devices.  These plans have been developed in 
partnership with EPA, MassDEP, and the EMC. The goal of these plans is to avoid any releases 
or damage to the environment that may cause harm to the Camp Edwards Training Area/Upper 
Cape Water Supply Reserve’s groundwater resources.  These plans provide for the monitoring 
of environmental media that includes soil, porewater, and groundwater.  Monitoring data show 
that current small arms range training activities at the STAPP™ ranges, when properly 
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operated and maintained, can be conducted without causing unacceptable contamination 
levels in the groundwater. 

	 Through the last nine years of the Pilot Period, the MANG successfully operated, managed, 
and funded the active ranges at Camp Edwards.  Although there have been unanticipated 
problems with the STAPP™ systems, the MANG has been diligent in investigating, 
researching, and implementing solutions to problems as they are discovered.   

Working closely with EPA, MassDEP, the EMC, stakeholders and the public over the past nine years, the 
MANG has successfully implemented training with lead ammunition. 
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APPENDIX A 

Juliet, Kilo, and Tango Range Operation, Maintenance, and 
Monitoring Plan 
Revised 15 July 2015. 
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